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EFFECTS OF LAND USE ON THE HYDROLOGY OF
DRAINED COASTAL PLAIN WATERSHEDS

R. Wayne Skaggs , G M. Chescheir’, G. P. Fernandez’ and D.M. Amatya®

ABSTRACT

Some of the world's most productive cropland requires artificid or improved drainage for efficient
agriculturd production.  Soil hydraulic properties, such as hydraulic conductivity and draingble
porosity, are conventionaly used in design of drainage systems. While it is recognized that these
s0il properties vary over a reatively wide range within a given soil series, it is generdly assumed
they can be gpproximated based on soil type, independent of crop or land use. Effects of land use on
hydrology of drained soilsin the North Carolina lower coasta plain were investigated by comparing
hydrologic messurements on drained agricultura cropland, drained forest land (Loblolly pine), and
an undrained forested wetland. Higher ET on the drained pine forest sSte resulted in reduced
drainage outflow and deeper water tables compared to the agriculturd ste, Measurements for the
one year of record available for the wetland site showed water tables near the surface but outflows
smilar to the drained forest ste, Fidd effective hydraulic conductivity in the top 70 cm of the
drained forest dte was more than two orders of magnitude greater than that of corresponding layers
of the agricultural Site. Drainable porosity, based on measured soil water characteristics, was aso
much higher for the forested ste. Long term (SO-year) DRAINMOD smulations predicted average
annual drainage outflow of 5§ 1.4 cm for the agriculturd field as compared to 37.6 cm for the forested
dgte. The difference resulted primarily from greater ET predicted for the forested Ste. Because of
the high conductivity of the surface layers, predicted surface runoff from the forested site was nil as
compared to an average annud runoff of 13 cm for the drained cropland Ste. Results of long-term
amulations were used to andyze these effects for the widdy variable seasond and annud wegther

conditions of eastern NC,

1. INTRODUCTION

A large percentage of cropland dong the Atlantic and Gulf coasts of the United States requires
improved drainage for efficient agricultura production.  About 40% of North Carolina’s cropland
has been drained. Much of thisland isin the lower coastd plain where drainage systems have been
ingalled to remove excess water during periods of precipitation excess. Intensve drainage systems
have dso been ingaled on more than 400,000 ha of plantation forests in the region. Drainage
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systems on both agricultural and forested lands normally consst of pardld open ditches, typicaly
100 m to 200 m gpart and 0.8 to | .2 m deep. Some agricultura lands are drained with pardléd
subsurface drain tile or plastic tubing 20 to 50 m apart and 0.9 to 1.2 m deep. This paper examines
the effect of land use and drainage system design on the hydrology of drained soils in the North
Carolina coadtd plain.

Continuous measurements of outflow rates, water cable depth and precipitation have been
conducted since the mid-1990s on a 10,000 ha watershed in the lower coagtd plain near Plymouth,
NC. The Tidewater Research Station, which has been the site of nhumerous drainage and water table
management studies, is located within this watershed. Data from the watershed study and from
previous studies on the Tidewater Experiment Station are used herein to anayze the effects of land

use on hydrology.

2. WATERSHED STUDY

A watershed study was initiated in 1995 to determine the cumulative impacts of land use and
management practices on hydrology and water qudity of a poorly drained, lower coastd plain
watershed. A 10,000 ha watershed, located near Plymouth, in eastern North Carolina, was
insrumented to measure drainage rates, water table depths, meteorologica variables, and to sample
for water quality on both field and watershed scaes (Chescheir et d., 1998). In addition to
measuring the hydrology and water quality for the various land uses and management practices on
the watershed, our object was to devel op watershed scale smulation mode s to predict cumulative
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Figure], Schematic of the Kendircks Creek Watershed near Plymouth, NC, showing fields Ag 3
and F3 and the wetland, W1 .
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impacts over the long term. A range of modes of different complexities was developed. (Fernandez
et a., 2001, 2002, 2003, 2004; Amatyaet d., 2001, 2004). A summary of the cgpabilities and input

requirements of the models was given by Skaggs et d. (2003). These watershed models are based
on the water management model DRAINMOD for quantifying the field hydrology, and use various

goproaches for handling the hydraulics in the drainage channds, the hydrodynamics of nutrient
trangport, and changes in nutrient concentrations as the drainage water flows from the field edge to
the watershed outlet. In this paper we will concentrate on field scae, rather than weatershed scale
processes, Data from the watershed study will be used to andyze the effect of land use on
hydrology and soil properties, The model DRAINMOD will dso be used to investigate the effects
of land use under the wide range of weather conditions that occur over a long period of

climatologica record in eastern NC.

A schematic of the 10,000 haKendricks Creek watershed showing the land use, location of the
main drainage canas and naturd streams, gauging stations, and water table recorders is given in
Figure 1. Land use on the watershed is typical of the region, consisting of cropland (36%), managed
forest (52%), unmanaged forested wetlands and riparian aress (11%). The watershed is reletively flat
(surface elevations 3 to 6 m above mean sealeve) and the soils are mostly poorly drained and very
poorly drained mineral and organic series. The primary drainage system on both agriculturd and
managed forest lands is a network of ditches and cands which divide the watershed into a mosaic of
regularly shaped fields and blocks of fields. Field ditches, spaced 80 to 100 m gpart and 0.6to 1.5 m
deep, provide both surface and subsurface drainage to most of the agricultural and forest land. They
drain to a network of collector and main canals which lead to the watershed outlet. Some of the
unmanaged forested lands do not have ditches and some of the agriculturd lands, especidly that on
the Tidewater Research Station (located in the northwest part of the watershed and draining to
gation T4) have subsurface drains (tile and plagtic) at various spacings and depths. Flow
measurements were recorded and drainage waters sampled for water qudity anayses a 54 daions
within the watershed. These stations are located at the outlet of the watershed, at the outlet of sub-
watersheds, on main drainage canals, and at the outlet of agricultura and forested fields. Water table
depth was recorded continuously at 28 locations and precipitation at 8 sites on the watershed. A
detailed description of the watershed and instrumentation is given by Chescheir et a. (1998). An 8-
year data set has been collected on the site and measurements continue.

Measured results from three fidds and one sub-watershed will be andyzed in this paper to
determine the effect of land use on hydrology. Long-term amulation results for a fourth fied (M3)
will be used to demondirate differences that can occur within the same land use and soil series. The
fields are denoted in Figure | as Ag3 (agriculture), F3 (forest), and Wetl(wetland). The soils for dl
three fields are classfied as Cape Fear sandy loam (Typic Umbraguults, clayey, mixed, thermic), or
Portsmouth sandy loam(Typic Umbraguults, fine loamy, mixed, thermic). Both soil series are very
poorly drained, nearly leve soils formed on dluvid sediments on stream terraces. The Cape Fear
has more clay and a lower hydraulic conductivity in the B horizon than the Portsmouth. Otherwise
the soils are quite Imilar. Sandy lenses garting at depths of 1 to 1.5 m typicaly underlie both
series. The didribution of soil types on the watershed is shown in Figure 2.

The drainage system for Ag3 consdts of pardld 10 cm diameter corrugated plastic drains
buried 1.2 m deep and 23 m gpart. This field has been part of a drainage water management study
since 1990. The drainage system design, insrumentation to measure drainage rates and water table
depths, crop history and soil properties were recently documented by Youssef (2003) and Youssef et
d. (2004). The soil on Ag3 is primarily Portsmouth s.I. A corn-wheat-soybean (3 crops in 2 years)
rotation is grown on the ste, The drainage and data collection system for F3 was documented by
Diggs (2004) and by Shelby (2002). The drainage system consists of parallel open ditches about 1
m deep and 85 m apart. The soil is Cape Fear s.1, and the vegetation was 15 year old Lobolly pine
a the time of data collection. Drainage for the wetland site (Wet1) occurs through shdlow (<04 m
deep) widely spaced naturd drains that meander through the site. Chescheir et d,, (1998) described
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experimental procedures and results of hydrologic studies on the site.  All three dStes were
insrumented to continuoudy measure water table depths and drainage rates. Rainfal was recorded
with both tipping bucket and manua gauges a 8 locations on the watershed.
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Figure 2. Didribution of soil series on the Kendricks Creek watershed.

3. Water Table Depth.

An example of the effect of land use on water table depth is shown in Figure 3 where measured
water table depth is plotted for atwo-year period (1994-1995) for three Stes, dl located within a 3-
km radius, and ail on the very poorly drained Cape Fear and Portsmouth soil series. Site Wetlisan
undrained forested wetland; site F3, adrained (parallel drainage ditches 0.9 m degp and 85 m apart)
1.5year old pine plantation; and site Ag3, a drained agriculturd fidd (10-cm diameter subsurface
drains, 1.1 m deep and 23 m agpart). Drainage intengty (DI) isinversdy proportiond to the square of
the drain spacing, so, based on the drainage system parameters, DI for the agricultura Ste should be
about 14 times greater than that for the managed forested site. However, it is clear from Figure 3
that the water table on the forested Site s, on average, much deeper and recedes more rapidly than
for the agriculturd Ste. The most obvious reason for the difference is evapotranspiration (ET).
Rooting depths are deeper, and the ET demand continues on a | 2-month basis without interruption
for the pine forest, compared to agricultura crops, which are planted and harvested one or two times
per year. ET caused the water table to be drawn down to a depth of more than 2 m for the managed
forest, as compared to a maximum depth of about 1.4 m for the agriculturd Ste.

In addition to ET, there are dso subgtantial differences in the soil properties, which may
significantly affect the hydrology. Measured drainage rates and water table responses indicate that
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drained forested soils have fidd effective hydraulic conductivities (K) that are greater than those for
agriculturd lands on the same soil series. Thisis indicated in Figure 3 by the drawdown rates when
the water tables in both forested and agriculturd Sites were near the surface during a period of low
ET in February 1995. Even though the drain spacing in the forested Site was nearly four times that

of the agriculturd Ste, the drawdown rate was about the same.  The larger pores that spparently
cause higher K aso result in higher dranable porosties in forested than in agriculturd lands, where
the soils are frequently tilled. As a result water table fluctuaions in the drained agriculturd
cropland (Ag3) are more frequent and the rise in response to rainfdl is grester than for either the
drained forest or the wetland forest Sites. Surface runoff usualy occurs on these poorly drained soils

when the water table rises to the surface such that the profile is essentiadly saturated.
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Figure 3. Water table fluctuations over atwo-year period for aforested wetland Site (Wet 1), a
drained forested (Loblolly Pine) site(F3), and adrained agriculturd site (Ag3).

This occurred far more frequently on the agriculturd ste than on the drained forested ste
(Figure 1). Due to both greaster ET and hydraulic conductivity, surface runoff rarely occurred from
the drained forested lands in our study. In contrast, the water table in the wetland forest, which had
only shdlow (<0.5 m deep), widdy spaced natural drains, was a or aove the surface during
extended periods of time. Soil properties on this Ste are similar to those on the managed forest, but,
without drains, there is no outlet for surface and subsurface water so the water table is naturaly
closer to the surface.

4. Annud Dranage Outflow

The effect of land use on annua drainage outflow is shown in Figure 4 for 1996 and 1997. This
period was chosen because 1996 was the last year of flow data collection for the wetland ste and the
firgt year of flow data for the forested site (F3). However, the period does represent arelatively wet
year (1996) and a reatively dry year (1997). Average precipitation at the Tidewater Research
Station is 1287 mm. We recelved 1436 mm (112% of norma) in 1996 and 1072mm (83% of
normal) in 1997, Flow measurements did not begin on F3 until February 22, 1996, so comparison of
cumulative flows was initiated at that date. There were problems with the F3 record for 1997 so
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data for that year were not plotted.  Cumulative outflow for the 3000 ha forested $4 watershed
(Figure 1) is plotted for comparison (The S4 watershed is primarily plantation pine with fidd
drainage systems smilar to F3). Subsurface drainage was measured for the Ag3 plot, but not surface
runoff, The water table rose to the surface and surface runoff occurred severd times during 1996.

The amount of surface runoff was predicted by DRAINMOD (cdibrated for the plot) and added to
the measured subsurface drainage to get the totd outflow plotted in Figure 4. Total surface runoff
was predicted to be 23.9 cm in 1996, Measurements of outflow from the wetland (Wetl), the
drained forested site (F3) and the forested watershed ($4) included both surface runoff and

subsurface drainage. However there was no surface runoff, neither observed nor indicated by
measured water table elevations, from the drained forested sitesin 1996. Nor was there indication of
surface runoff from any of the drained sites, including Ag3, in 1997.
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Figure 4. Cumulative drainage for a forested wetland site, a drained forested site(F3), an
agriculturd ste (Ag3), and a 3000 ha drained forested watershed (S84).

The cumulative drainage relationships for Wetl, F3 and 4 were very smilar in 1996,
Cumulative outflow from the wetland (Wetl), F3 and 4 were very smilar in 1996. Outflow from
the wetland was somewhat greater than from the drained forests (F3 and $4) early in the year. This
was probably because of differences in the soil water dtatus at the end of 1995 (Figure 3). The water
table was 1.5 m degp on F3 compared to being right at the surface on Wetl at the beginning of 1996.
Thus precipitation early in the year would have resulted in immediate flow from the wetland, which
was saturated, while flow from the drained forest was ddlayed as water was stored in the profile,
rasing the water table. Measurements on the wetland site were discontinued on October 1. Total
drainage depths from F3 and S4 were 40 and 41 cm as compared to 63 cm from the Ag3 ste for the
period 2/22 through 12131, 1996. The 22 cm difference in drainage is assumed to be mostly dueto
greater ET from the forested fidds, which have both deeper rooting system and greater leaf areathan
the winter wheat (harvested in June) and soybean (planted in June, harvested in Nov.) on Ag3. An
agoproximate water baance, including accounting for a smadl difference in soil water storage,
indicatesthat ET for the 10.2 month period was about 760 mm from Ag3 compared to 970 mm for

F3.
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There was a larger difference in outflow for the rdatively dry 1997. Outflow from the Ag3
site (planted to corn April 15, harvested September) was 38 cm as compared to 14 cm from the 4
watershed, Again the difference (24 cm) is primarily due to greater ET from the forested watershed,
which had about 930 mm of ET compared to 690 mm from Ag3.

5. SOIL PROPERTIES

One of the mogt gdriking effects of land use on the hydrology of drained is the impact on ol
properties. This issue was discussed briefly with regard to the differences in water table depths
between forested and agricultural lands (Figure 3). Impacts of these differences on cumulative and
annua outflows are not as obvious, but years of experience in measuring soil properties of poorly
drained coastd plain soils has led to the concluson that hydraulic conductivity and drainable
porogty are nearly dways substantidly larger on forested than on agriculturd lands. This difference
IS very important in the gpplication of Smulation models to predict hydrology and water qudity on
both field and watershed scades. Conventiona application of models nearly dways assgns soil
property values based on soil series, without regard to the effect of surface cover on those properties.
There is a reasonably good understanding and acceptance of the variability of soil properties within
a soil series due to subtle differences in structure, texture, and organic matter. However, the effect
of land use or vegetation is rarely considered. This can lead to serious errors if land use has a
ggnificant effect on the soil properties.

Feld effective vaues of hydraulic conductivity, K., were determined for Ag3 and F3 from
continuoudy measured drainage rates and water table éevations. K, was estimated from the
Hooghoudt equation (van der Ploeg et d., 1999), which may be written as,

q = 4K.m(m+2d)y L’ 1)
where, referring to Figure 5, g is drainage rate (cm/day), K. is equivdent hydraulic conductivity

below the water table (cm/day), m is midpoint water table eevation above the drains (cm), deisthe
equivaent depth from the drain to the redtrictive layer (cm), and L isthe drain spacing (cm).

Figure 5. Schematic of water table position for steady state drainage; used herein to define Drainage
Intengity, DI

The equivaent depth from the drain to the impermesble layer, de, can be cdculated in terms of
the actud depth, d, drain spacing, L, and the effective drain radius by equations developed by
Moody (1967) or by van der Molen and Wesseling (1991). K. can then be determined from
measured values of g and m by solving equation 1.

Use of this method to edtimate K. assumes that steedy state conditions exist and that ET is
negligible. While conditions in the fidd are rardly, if ever, seady, the Hooghoudt has been found to
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perform satisfactorily for conditions when the water table is moving dowly, such that the
unsaturated zone above the water cable is gpproximatdy “drained to equilibrium” with the water
table. We determined K, for Ag3 and F3 by plotting measured g versus m for winter months when
ET islow. Reallts are shown in Figure 6. The quantity m was defined as shown in Figure 5 for the
AG3 dte, which has subsurface drains a a depth of 1.2 m. Drains for the F3 forested site were open
ditches with a VV-notched weir in the outlet. Depth from average ground surface to the bottom of the
V (the water leve in the ditch) was 0.7 m. In this case, m was defined as the eevation of the
midpoint water table, as referenced to the water level in the ditch. Ke was caculated from equation 1
for the whole range of water table eevations and associated g vaues. Nearly al fidld soils are made
up of layers or horizons with different values of K, so the effective K., vaues varied with water table
éevation. The K values for individud layers were determined from the following equation for the
equivaent K for pardld flow through a layered profile.

K.(d,td+dst..)= Kd+Kodo+Ksds+ ... (2)

where, K, is the hydraulic conductivity and d; is the thickness of the first layer below the water
table, K, and d; are the respective vaues for the second layer, etc. The K vaues for the individua
layers were determined by garting with smal m vaues such that the only K vaue active was that of
the bottom layer. Then the vaue of the layer a the next highest eevation was determined, and the
process repeated until the K values of all the layers of the profile were estimated.
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Figure 6. Measured drainage rates plotted as a function of measured midpoint water table
elevations, m for the agriculturd dte, Ag3, and the forested gSite, 3.

The subgtantid difference in hydraulic conductivity between the Ag3 and F3 stes is obvious
from Figure 6. For example the drainage rate from F3 for an m value of 40 cm was about 2 cm/d
compared to about 0.1 em/d from the Ag3 ste. The Ag3 Site has a 23 m drain spacing, so, other
factors being equd it should have a much higher flow rae than the F3 dte with an 85 m ditch
gpacing. Hydraulic conductivity (K) values by layer, as determined from the data in Figure 6, are
given in Table 1 for both dtes, The solid curves in Figure 6 are the relationships predicted by the
Hooghoudt eguation using the K vaues in Table 1.  According to the soil series description, the
Portsmouth soil of Ag3 should have a higher K vaue for the B horizon (depths of 30 to about 90
cm) than the Cape Fear soil of F3, However, the field effective K vaues from the forested site F3,
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as determined by the methods described above, were over two orders of magnitude greater than
those of Ag3 for depths down to 70 cm (Table 1). These differences have a profound effect on
drainage rates as shown in Figure 6. Low flow rates (and therefore low K vaues) for the Agl site
could have been partidly caused by large head losses near the 10-¢m drain. This could have caused
the effective K vaues for the layer between depths of 100 to 235 cm to be lower than would have
occurred with open ditch drains. Nevertheless, the major reason for the big difference in K vaues
between the two stes (Table 1) is the very large fidd effective hydraulic conductivity for F3, not the
relatively low vaues for Ag3.

Table 1. Summary of soil properties for sites Ag3 and F3.

Agricultural Site, Ag3 Forest Site, F3
Depth, cm K, em/hr Depth, cm K, cm/hr
0-30 3.8 0-30 1000
30-80 13 30-40 850
80-100 0.54 40-50 500
100-240 0.44 50-70 40
70-240 5
Water Table  Drainable Porosity, %
Depth, cm Agl F3
25 1.5 22.5
50 4.4 15
75 5.3 9
100 7.4 3
150 8.4 2

The very rapid K vaues in F3 are gpparently due to large interconnected pores and well
structured soil conditions that develop under forest conditions. These large pores empty under small
s0il water tensons causing the drainable porosity to aso be high. This is shown in Figure 7, which
plots the depth of water drained as the water table fdls from the surface to depths up to 200 cm.
These curves were caculated from the soil water characteristics (pF curves) messured for the
different soil horizons for each ste. The reaults indicate that to lower the water table from the
surface to a depth of 100 cm about 4 cm of water would have to be removed for the Ag3 site, while
about 15 cm would have to be drained for the F3 Site. The drainable porosity may be defined as the
dope of the relaionships given in Figure 7. For example, the drainable porosity corresponding to a
water table depth of 50 cmis 4.4% for the Ag3 soil compared to 15% for F3 (Table 1). These data
again emphasize the extreme difference in soil properties between these two common land uses in
eastern  NC.

6. HYDROLOGIC SIMULATIONS

DRAINMOD (Skaggs, 1978, 1999) was used with the soil properties given in Table 1 and Figure 7
to smulate the hydrology of Ag3 and F3. Detalls of additiond inputs are given by Youssf et
al.(2004) and Diggs (2004) for the Ag3 and F3 dites, respectively. Simulations were conducted for
the 50-year period (1951-2000) using westher data for Plymouth, NC. Results are summarized in

Figure 8. In spite of the fact that hydraulic conductivity and drainage rates are higher for the
forested F3 Ste, average annud outflow (subsurface drainage + surface runoff (RO)) was greater for
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Ag3 (5 14 cm) than for F3 (37.6 cm). This is due to higher ET predicted for the deep-rooted pine on
F3 as discussed previoudy regarding differences in water table depths. Average annual ET
predicted for F3 was 91.2 cm compared to 77.3 cm for Ag3 (Figure 8). Another big differencein the
hydrology is surface runoff. The water table rarely rose close to the surface in F3. Furthermore, the
field was bedded when the pine trees were planted, creating a surface topography that would store as
much as 10 cm of water before RO could begin. This surface storage, which was active only during
very high rainfal events, plus the high K and rapid drainage in the upper part of the profile, resulted
in negligible RO predicted for F3 for the entire 50-year period. By contrast, average annud RO for
the agricultural field, Ag3, was 13.2 cm.
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Figure 7. Relaionship between volume of water drained (per unit surface area) and water table
depth. The volume (or depth) drained is the amount of water that would have to be removed to lower
the water table from the surface to the depth on the abscissa

Average monthly outflows for the 50-year period are plotted in Figure 9 for the two Stes.
Average predicted outflows from Ag3 were higher than from F3 for dl months. Differences were
largest for summer months when potential ET is high and the deeper rooted pine trees remove more
water than corn and soybean, Differences during February-April were smal because PET islow and
ET is limited more by atmospheric factors than by vegetation. Thet is, ET was not often limited by
water availability to the vegetation, ether forest or agriculturd crops, during this period. PET is
aso low in November and December when there were differences between outflows from Ag3 and
F3. These differences occurred because of the carry-over effect of dry soil conditions in the summer
and fail. In years with dry periods in late summer and fdl, the trees dried out the profile to much
deeper depths than did agriculturd crops (Figure 3). Drainage in December and January in those
years began earlier from Ag3 than from F3. It was not uncommon to have no drainage from F3 in
those months. The water table depth was not as great going into the winter and drainage began
earlier and was greater from Ag3 than from F3,
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Figure 8. A summary of average annual vaues predicted for hydrologic components in 50-year
amulaions for the agriculturd dte, Ag3, and the forested Site, F3.

Frequency digtributions of predicted annua outflow are plotted in Figure 10 for forested and
agriculturad gtes. Predicted outflows ranged from 5.8 to 67.7 cm for F3 and from 22.4 to 81.9 for
Ag3. Smilar digributions for the monthly flows are plotted in Figure 11 for January and June.
These results show that flow was predicted for January of every year for Ag3 and in 96% of the
years for ¥3. For June, however, flow was predicted in only 38% of the years for the forested Site,
F3, versus 58% of the years for the agricultura Site, Ag3.
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Figure 9, Average of monthly predicted outflows (subsurface drainage +R0O) for Ag3 and F3.
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Figure 10, Frequency of predicted annud outflows (subsurface drainage + surface RO) for the
forested and agriculturd Stes.
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Figure11. Frequency of predicted January and June outflows (subsurface drainage + surface RO)
for forested and agriculturd Stes.

7. SUMMARY AND CONCLUSIONS

Effects of land use on the hydrology of drained soils in the North Carolina lower coagtd plain were
investigated by comparing hydrologic messurements on drained agriculturd cropland, drained forest
land (Loblolly pine), and an undrained forested wetland. Higher ET on the drained pine forest site
resulted in reduced drainage outflow and deeper water tables compared to the agricultura ste.
Measurements for the one year of record available for the wetland ste showed water tables
frequently near the surface, but outflows amilar to the drained forest Ste. Results of this study
support the conclusion that hydraulic conductivity and draingble porogty for the top meter of the
profile are substantidly greater for forested than for agriculturd fields. Feld effective hydraulic
conductivity in the top 70 cm of the drained forest Site was more than two orders of magnitude
gregter than that of corresponding layers of the agricultura site. Drainable porosity, based on
messured soil water characterigtics, was aso much higher than the forested site when the water table
was within 75 cm of the surface. Long term (SO-year) DRAINMOD smulations predicted average
annua drainage outflow of 5 1.4 cm for the drained agriculturd field as compared to 37.6 cm for the
forested Ste. The difference resulted primarily from greater ET predicted for the forested Ste.
Because of the high conductivity of the surface layers, predicted surface runoff from the forested site
was nil, compared to an average annual runoff of 13 cm for the drained cropland site.
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